Abstract: Tyrosine kinases (TK) are enzymes capable of transferring phosphate groups to tyrosine residues in cytoplasmic proteins or the intracellular domains of transmembrane receptors. TK play critical roles in diverse biological functions including cellular processes such as adhesion, motility, proliferation, cell cycle control, cell death, as well as biological functions at the whole-organism level such as growth and development, metabolism or immune defense. TK inhibitors including spleen TK (fostamatinib) and Janus kinases (tofacitinib) inhibitors are two novel oral therapies that have demonstrated short-term good clinical responses in active rheumatoid arthritis patients with and inadequate responses to methotrexate or other traditional (non-biologic) disease-modifying antirheumatic drugs (DMARDs). Those responses are comparable to responses rates from pivotal trials of TNF inhibitors. TK inhibitors are generally well tolerated but not free of adverse effects. Several side effects had been described including gastrointestinal symptoms, neutropenia, hypertension, elevated liver function test and lipid alterations among others.
INTRODUCTION
During the last decade the emerging of biologic therapies dramatically changed the course of several rheumatic diseases, especially rheumatoid arthritis (RA). Currently, eight biologic agents are approved as first-line or second-line therapy in RA, including five (adalimumab, certolizumab, etanercept, golimumab and infliximab) targeting tumor necrosis factor (TNF) and three (abatacept, rituximab and tocilizumab) targeting co-stimulation of T cells, B cells, and interleukin (IL) 6, respectively. These agents already provide a broad armamentarium for rheumatologists, and have dramatically changed RA therapy during the past decade. They substantially improve synovitis and slow, or even halt, radiographically-detectable RA progression [1] .
Although existing biologic agents can be switched or given in a different sequence if patients fail or adverse effects develop, there remains a need for additional therapies with different mechanisms of action for the treatment of RA. In addition, new oral DMARD tyrosine kinase (TK) inhibitors [2] that work fast with similar efficacy to the anti-TNF therapies and reasonable toxicity profiles will be value in the management of RA.
In the present review, we discuss the different physiological effects of TK over diverse biological functions and describe in detail the recent published trials in RA with 2 different non-receptor TK inhibitors including fostamatinib
TYROSINE KINASES
TK are enzymes capable of transferring phosphate groups to tyrosine residues in cytoplasmic proteins or the intracellular domains of transmembrane receptors. Tyrosine phosphorylation of target molecules results in changes in intracellular signal transduction processes, either by affecting the enzymatic activity of the target proteins (enzymes) and/or by allowing the association of the target proteins (such as adapter molecules) with other molecules inside the cell. TK play critical roles in diverse biological functions including cellular processes such as adhesion, motility, proliferation, cell cycle control or cell death, as well as biological functions at the whole-organism level such as growth and development, metabolism or immune defense. Based on their major role in proliferation, migration and cell survival, several TK are involved in cancer development. Indeed, the first identified oncogene (v-Src, the viral homolog of the Src TK) and the best known chromosomal aberration leading to malignancy (the emergence of the BCR-Abl fusion protein as a result of the Philadelphia translocation, leading to chronic myelogenous leukemia) are all linked to aberrant TK signaling pathways.
TK can be grouped into receptor TK (such as the insulin receptor or EGF-receptors) which are transmembrane receptors carrying a TK domain in their intracellular segment; or intracellular (non-receptor) TK (such as Src-family kinases, Syk or JAK kinases) which reside entirely in the cytoplasm.
There are approximately 90 TK in the mammalian genome, with approximately 60 receptor TK and approximately 30 non-receptor TK [3] .
Receptor TK consist of extracellular domains involved in ligand binding, a transmembrane domain, as well as intracellular domains with TK enzymatic activity. A common feature of receptor TK is the autophosphorylation of intracellular tyrosine residues within the receptor itself, leading to further amplification of the kinase activity and the emergence of tyrosine-phosphorylated docking sites for additional signal transduction molecules [4] . The docking of other signaling molecules and the phosphorylation of further downstream targets triggers downstream phosphorylation events. Typical receptor TK include the EGF-receptor family and the insulin receptor, but receptors for other growth factors (such as various FGF, VEGF, IGF or PDGF molecules), as well as Eph receptors also belong to this family.
Non-receptor TK reside in the cytoplasm but become associated to and/or activated by receptors that lack any direct enzymatic activity (such as integrins, immunoreceptors or cytokine receptors). Besides their kinase domain, nonreceptor TK usually contain various additional signal transduction domains such as SH2-or SH3-domains responsible for regulated binding to other signaling molecules. Typical non-receptor TK include the Src-family and Tec-family kinases, as well as the Syk/ZAP-70, JAK, FAK/Pyk2 or Abl/Arg TK [3] .
As proteins with enzymatic activity, TK are relatively easy to target using small molecule inhibitors. Such TK inhibitors usually inhibit the kinase by competing for ATP in the ATP-binding pocket. Because of the conserved nature of the ATP-binding pockets, many TK inhibitors are of limited specificity towards their target molecule and rather inhibit a broader range of TK. However, newer compounds with more sophisticated structural features may attain higher specificity towards a given TK or TK family. There is debate about the clinical benefit of high specificity. While specificity towards one unique kinase may be beneficial in cases where disease pathogenesis relies on a single molecular entity, a more widespread dampening of various TK pathways may provide additional benefit in cases where a number of tyrosine phosphorylation pathways contribute to disease pathogenesis.
As mentioned above, TK are best known in medicine for their role in the development and progression of cancer and other malignant states, and therefore are prominent targets for anti-cancer therapeutics. One of the best known cases of rational drug design (when a drug is specifically developed to inhibit a given target molecule known to be involved in a given disease pathogenesis) is the development of imatinib, an Abl TK inhibitor, for the treatment of chronic myelogenous leukemia (CML) [5, 6] . A number of additional inhibitors such as gefitinib and erlotinib targeting the EGFreceptor TK, sunitinib targeting other growth factor receptors, as well as various second-generation TK inhibitors such as nilotinib, dasatinib or bosutinib have also been developed for the treatment of various cancers and other malignant states [7] .
Basic biomedical studies during the last decades have indicated that TK are not only involved in processes critical for cancer development, such as cellular proliferation and survival, but they are also indispensable for various more specific biological processes such as development and function of immune cells, bone metabolism, platelet function or pathological functioning of non-hematopoietic cell types [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Accordingly, TK have begun to emerge as important therapeutic targets in non-malignant diseases including autoimmune and inflammatory diseases.
Of the numerous kinases implicated in immune defense and inflammation, we will pay special attention to two nonreceptor TKs, the Syk TK and the JAK kinase family. These molecules have received special attention as targets of TK inhibitors under development for the therapy of autoimmune diseases such as RA.
THE SYK TYROSINE KINASE
Spleen TK (Syk) is a cytoplasmic TK highly expressed in most hematopoietic lineages except T-cells where ZAP-70 is the dominant Syk-related kinase [19] . The primary function of Syk (and ZAP-70 in T-cells) is to transmit signals from classical immunoreceptors such as B-and T-cell-receptors on lymphocytes, as well as Fc -and Fc -receptors on myeloid cells and mast cells (Fig. 2A) . Because of the critical role for Syk in the BCR-dependent B-cell activation and immunoglobulin secretion, as well as the Fc-receptormediated effector functions of antibodies, genetic or pharmacological reduction of Syk activity strongly impairs antibody-mediated functional responses [8, [20] [21] [22] . Importantly, Syk in B-cells is not only involved in immunoglobulin production but it is also required for B-cell survival due to the requirement for a Syk-dependent tonic BCR signaling. Therefore, deletion or inhibition of Syk not only interferes with antibody production but also inhibits antibody-independent functions of B-cells, such as B-cell-mediated antigen presentation to T-cells [8, 23] . Syk is also involved in signaling by various adhesion receptors, including integrins and selectins, on myeloid cells [8, 24, 25] , therefore affecting myeloid cell function independent of their role in adaptive immunity. Syk is also a critical player of the signal transduction of various C-type lectins (including Dectin-1, Dectin-2 and Mincle) which are involved in innate pathogen recognition by myeloid cells but also in sensing tissue damage through innate receptors for damage-associated molecular patterns [8, 26] (Fig. 2A) . Importantly, Syk is also required for osteoclast development and osteoclast-mediated bone resorption [27] , indicating that it may also be involved in bone erosions during joint inflammation. Furthermore, Syk has also been implicated in signal transduction in synovial cells of non-hematopoietic origin [28, 29] , as well as in endothelial cell function [30, 31] . Taken together, Syk plays critical roles in both the adaptive and innate mechanisms of immunity and inflammation, and it is also required for the development and function of osteoclasts and signal transduction in synovial cells. This diverse function in inflammationrelated signaling processes makes it an exceptional candidate for the development of signal transduction inhibitor therapies in autoimmune and inflammatory diseases. Indeed, targeting Syk could potentially benefit patients with RA or other autoimmune diseases by multiple ways including 1) decreasing the inflammatory response by inhibiting lymphoid and myeloid leukocytes; 2) preventing the development or progression of bone erosion via inhibition of osteoclast function; and 3) by affecting various cells of non-hematopoietic origin (synovial fibroblasts, endothelial cells) that are involved in development of arthritis and other autoimmune diseases.
The role of Syk in various inflammatory cells has prompted investigators to test its role in preclinical in vivo animal models of RA or systemic lupus erythematosus (SLE). Pharmacological inhibition of Syk by the Syk inhibitor fostamatininb (R788) or its active metabolite (R406) reduced the severity of autoantibody-induced arthritis in experimental mice [32] as well as in collagen-induced arthritis in experimental rats [33] . It should be noted that R406/fostamatinib is known to inhibit a number of kinases and non-kinase targets other than Syk [32, 34, 35] , raising the possibility that the effect of the inhibitors were caused by targeting molecules other than Syk. Importantly, however, autoantibody-induced arthritis in experimental mice was also completely blocked by the genetic deficiency of Syk in the hematopoietic compartment [36] , providing direct evidence for the role of Syk in arthritis development. An interesting observation from the clinical perspective was that both fostamatinib [33] and the genetic deficiency of Syk [36] prevented the development of arthritis-induced bone erosions. Besides the various arthritis models, the Syk inhibitor fostamatinib has also been shown to inhibit kidney and skin disease in murine models of SLE [37, 38] .
JAK-FAMILY TYROSINE KINASES
The Janus kinase (JAK) family comprises four nonreceptor tyrosine kinases designated Jak1, Jak2, Jak3 and Tyk2. JAKs were identified as novel kinases of unknown function and were originally designated "Just Another Kinase", obviously not expecting that this family will soon be recognized as a major player in diverse biological functions and an important target of various autoimmune and other diseases.
JAK kinases consist of various intracellular domains including a tyrosine kinase domain, a catalytically inactive (but functionally important) pseudokinase domain, as well as an SH2-and a FERM domain which are involved in proteinprotein interactions [9] . Jak1, Jak2 and Tyk2 are ubiquitously expressed whereas Jak3 is primarily expressed in hematopoietic lineages [39] .
JAK kinases are intimately involved in signal transduction by various cytokine receptors. Based on structural features of the receptors and their ligands, cytokine receptors are grouped into two families [40] (Fig. 2B) . Type I cytokine receptors are characterized by a membrane-proximal extracellular WSXWS motif and recognize ligands with 4 -helical structures. Those receptors include, among others, receptors for IL-2, IL-3, IL-4, IL-6, IL-12, erythropoietin (Epo), G-CSF and GM-CSF [40] . Type II cytokine receptors do not contain WSXWS motifs and recognize ligands with 6 -helical structures [41] . Type II cytokine receptors primarily recognize IFN / (Type I IFNs), IFN (Type II IFN) and IL-10.
Both Type I and Type II cytokine receptors are dimeric or multimeric transmembrane receptors lacking any enzymatic activity but carrying a number of potential tyrosine phosphorylation sites. JAK kinases are constitutively associated with the receptors making some investigators propose that cytokine receptor -JAK interactions are reminiscent of receptor tyrosine kinases [42] (Fig. 2B) . Receptor ligation leads to conformational changes triggering activation of the JAK kinase activity. Activation of JAK kinases leads to three levels of tyrosine phosphorylation events ( Fig. 2B ): 1) JAKs catalyze autophosphorylation, triggering further increase of their kinase activity; 2) they also lead to phosphorylation of tyrosine residues on the cytokine receptor which recruits further molecules, including various STAT transcription factors to the receptor; and 3) receptor-bound STAT proteins are also phosphorylated by JAKs. Tyrosine phosphorylated STAT molecules are then released from the receptor, dimerize, shuttle to the nucleus and bind to various STAT target genes, triggering specific changes of gene expression.
JAK family kinases (through the activation of STAT transcription factors) are involved in a variety of effects of cytokines. Those include the activation of T-cell proliferation by IL-2; the polarization of Th cells to the Th1 or Th2 lineages through IFN , IL-4 and other cytokines; activation of innate immune responses through IFN ; differentiation of immune cells by G-CSF and GM-CSF; as well as various non-immunological functions such as effects of Epo, growth hormone or prolactin. This pleiotropic effect of JAK kinases may explain that genetic deletion of Jak1 or Jak2 causes embryonic or perinatal lethality [43, 44] . On the other hand, genetic deficiency of Jak3 does not lead to lethality but causes severe combined immunodeficiency (SCID) in humans [45, 46] and a corresponding phenotype with severe lymphocyte developmental defects in mice [47, 48] . Tyk2 deficiency in mice causes partial defects in cytokine signal transduction, especially in the case of IFN and IL-12 signal transduction, leading to diminished antiviral immune responses [49, 50] . Interestingly, signal transduction by IL-4 is increased in Tyk2-deficient animals, leading to increased IgE production and exaggerated allergic responses [39] . Corresponding immunological changes were found in a human patient with Tyk2 deficiency, who suffered from recurring viral, fungal and mycobacterial infections with atopic dermatitis and elevated serum IgE (originally diagnosed as a hyper IgE syndrome) [51] . Taken together, Tyk2 appears to be responsible for directing Th-cell polarization towards pro-inflammatory (Th1) rather than pro-allergic (Th2) responses in both mice and humans. Besides the above findings on JAK deficiency, a unique gain-of-function mutation of Jak2 (Val617Phe) is found in most patients with myeloproliferative disorders such as polycythemia vera [52] [53] [54] [55] [56] .
A major conceptual difficulty in understanding the role of JAK family kinases in immunity and inflammation is that these kinases are intimately involved in signal transduction by a very large number of cytokine receptors, therefore there is little room for specificity of the different JAK kinases towards specific cytokine receptors. Further complicating this issue is that certain cytokine receptors also use two different JAKs which can either play non-redundant or overlapping functions (i. e. deletion of one or both is required for abrogating of signal transduction) (Fig. 2B) . As an example, IL-2 and IL-4 signaling uses Jak1 and Jak3, both of which are required for signal transduction, and both Jak1 and Jak2 are required for IFN signaling [40] . In contrast, IL-12 uses Jak2 and Tyk2, but only Tyk2 (but not Jak2) is indispensable for signal propagation [40] . Yet other cytokines such as IL-3, GM-CSF or Epo use exclusively Jak2 which is required for their signaling [40] .
Taken together, JAK kinases are intimately involved in signal transduction by various cytokine receptors and, given the role of cytokines in various phases of autoimmune arthritis [57] , their inhibition is expected to provide clinical benefit by dampening the overall inflammatory process. In addition, specific inhibitors of each JAK family kinases are expected to result in unique patterns of inhibition of a limited set of inflammatory processes. Jak inhibitors, such as tofacitinib, are expected to provide an overall inhibition of proinflammatory signaling pathways by inhibiting IL-2 and IL-4 signaling, with limited effect on homeostatic processes (mediated e. g. by IL-3, Epo or G/GM-CSF). In contrast, Jak2 inhibitors primarily affect homeostatic cytokine signaling pathways (e. g. that of IL-3, Epo and G/GM-CSF) and therefore primarily provide benefit in myeloproliferative diseases, especially in those with a gain-of-function Jak2 mutation [58] . Based on the above observations, a number of JAK inhibitors have been developed and tested in various inflammation models in experimental mice. The most widely studied of those inhibitors is tofacitinib (CP-690550) which primarily inhibits Jak1 and 3 primarily but also exerts some inhibitory effects on Jak2 [59] . Tofacitinib prevented clinical signs of inflammation and cartilage degradation in active models of arthritis in rodents [60, 61] and it also prevented cartilage damage upon transplantation of human RA synovial cells and cartilage tissue to SCID mice [62] . Tofacitinib also inhibited delayed-type hypersensitivity reactions [63] , and it prevented allograft rejection in various animal models of transplantation, indicating that it may be suitable as a novel immunosuppressive therapy in transplant recipients [63, 64] .
FOSTAMATINIB TRIALS
To date, three phase II clinical trial of fostamatinib have been published [65] , [66] , [67] . The design of those trials is collected in Table 1 .
In the first trial (TASKi1), Weinblatt et al [65] evaluated three different doses of fostamatinib (50, 100 and 150 mg b.i.d) vs placebo over 12 weeks in 189 patients with active RA defined as > 6 swollen joints, > 6 tender joints (28-joint count) and either an erythrocyte sedimentation rate (ESR) >28 mm/hour, a C-reactive protein (CRP) level > upper limit of normal, or morning stiffness of > 45 minutes' duration. The primary endpoint (ACR20 response at week 12) was met in 65% and 72% of patients in 100 mg and 150 mg groups, respectively vs 38% in placebo group (p <0.05 for both). Additionally, ACR50 and ACR70 responses and disease activity score (DAS) in 28 joints (DAS-28) CRP (<2.6) rates were significant higher in 100 mg and 150 mg groups vs placebo. There was a significant decrease from baseline in serum IL-6 and MMP-3 levels in the 2 higher dose groups (100 mg and 150 mg) vs placebo at week 12 (p =0.05 for IL-6 level in the 100 mg group, p<0.001 for IL-6 level in the 150 mg group, and P < 0.01 for MMP-3 level in both highdose groups).
In the second trial (TASKi2), Weinblatt and colleagues [66] analyzed the efficacy of fostamatinib in a multicenter, randomized, double-blind trial including 457 patients with active RA [mean DAS28 6.1] despite long-term DMARD therapy [methotrexate (MTX) and/or biologic agents] and mean disease duration of 9 years. After 6 months of treatment, the authors reported significantly higher ACR20 response rates in patients receiving fostamatinib at doses of 100 mg b.i.d or 150 mg once daily (67% and 57%, respectively, versus 35% with placebo; P <0.001 for both comparisons). ACR50 and ACR70 response rates at 6 months were substantially higher than placebo in both treatment groups, and similar to those achieved in clinical trials of other biologic agents in patients with inadequate responses to DMARDs.
Although response rates were reduced in the 15% of patients who had not responded adequately to treatment with biologic agents, ACR20 responses in this subgroup were still significant (43% and 46% respectively, versus 14% with placebo; p = 0.04 and p = 0.02, respectively).
Low disease states (indicated by a DAS28 score <2.6) 6 months after treatment with fostamatinib were high (21% and 31% in the 150 mg once daily and 100 mg twice daily groups, respectively, versus 7% with placebo; p = 0.003 and p<0.001 respectively).
Patients receiving 100 mg of fostamatinib twice daily also showed improvement in the Functional Assessment of Chronic Illness Therapy fatigue scale and the four dimensions of the Medical Outcomes Study 36-Item Short Form Health Survey.
In the third trial (TASKi3), Genovese et al [67] evaluated the efficacy of fostamatinib (R788) in 219 active RA patients who had failed biologic treatment (anti-TNF and non-anti-TNF therapies). Patients were randomly assigned to oral fostamatinib (n=143) (100 mg bid) or placebo (n=73). Efficacy and safety were evaluated for 3 months by clinical parameters and hand and wrist MRI.
The primary endpoint was the ACR20 response. Secondary endpoints included ACR50, ACR70 responses and changes in radiological/structural damage at month 3 using the OMERACT-RAMRIS method.
No significant differences were found in ACR 20/50/70 responses at 3 months. However, the mean change in DAS-28 score was greater in fostamatinib patients (1.62 vs -1.27 in placebo group, p=0.15). CRP and ESR changes at month 3 were higher in fostamatinib patients (-6.87 ± 29 vs + 3.62 ± 18 mg/L and -8.9 ± 21 vs +1.41± 25 mm/hr, respectively), and mean synovitis scores (-0.5 versus +0.4 for placebo, p= 0.038) and mean osteitis scores (-0.2 versus +1.2, p= 0.058) were significantly lower in fostamatinib patients. Patients with higher baseline CRP levels and MRI activity (synovitis) had a higher ACR20 response to fostamatinib in comparison with placebo (42% vs 26%; p=0.05). In a post hoc analysis it was determined that there was an extremely high placebo response (>60%) in the patients who enrolled in the study with an elevated ESR but a normal CRP. A Phase III study is in progress looking at this drug in a TNF failure population.
JANUS KINASE INHIBITORS Tofacitinib
A very extensive Phase II and III program has completed with tofacitinib and US Food and Drug Administration on November 6 of 2012 announced the approval of tofacitinib as a second-line treatment for moderate to-severe RA in adults [68] .
Study design from phase II and phase III studies is summarized in Table 2 . The first randomized, double-blind, placebo-controlled, phase IIa trial [69] evaluated the efficacy of three different doses of tofacitinib (5, 15 or 30 mg bid) vs placebo over a 6 weeks in 264 patients with an active RA despite previous MTX or biologic treatment. ACR20 response was achieved in 70, 81 and 77% of patients treated with 5, 15 and 30 mg of tofacitinib, respectively vs 29% of patients treated with placebo. DAS28, ACR50 and ACR70 responses were also significantly higher in the three active treatment groups. Adverse events were dose-related dependent; being more common in those patients who received 15 and 30 mg. Additional Phase II and III programs lowered the There have 4 Phase III studies completed of which 2 have been published and will be reviewed. Recently, Fleischmann and colleagues [70] performed a double-blind, parallel group study testing tofacitinib. The study evaluate the efficacy and safety of monotherapy tofacitinib over 6 months in 611 patients with active RA. Patients were randomly assigned to tofacitinib 5 or 10 mgs b.i.d or placebo. At 3 months non responders in the placebo group were assigned in a blinded manner to receive tofacitinib 5 or 10 mg of tofacitinib b.i.d for an additional 3 months. Both doses of tofacitinib proved superior to placebo on improvement in ACR responses and scores in the health assessment questionnaire-disability index (HAQ-DI). Patients in the 5-mg group experienced a 0.5-point drop in HAQ-DI scores; those in the 10-mg group a 0.57-point decline compared with those in the placebo group, in which scores dropped 0.19 points (p < 0.001). Patients who were switched from placebo to tofacitinib at month 3 had similar ACR responses and HAQ-DI scores by month 6 to those patients assigned to tofacitinib from the beginning of the study.
van Vollenhoven and colleagues [71] evaluated on a background of stable MTX two different doses of tofacitinib ( 5 and 10 mg b.id) or adalimumab (40 mg every 2 weeks) vs placebo over 24 weeks in 717 patients with active RA. After 3 months those patients assigned to placebo who did not reach a 20% reduction in number of TJC and SJC were randomly assigned to receive either 5 mg or 10 mg of tofacitinib. The study included patients with active RA (see Table 2 for definition) with a mean disease duration ranged from 7-9 years and an incomplete response to MTX. The primary endpoint (ACR20 response at month 6) was met in 51.5% and 52.6% of patients in 5 mg and 10 mg of tofacitinib, respectively, in 47.2% of adalimumab vs 28.3 % in placebo group (p <0.001 for all comparisons). Additionally, ACR50 and ACR70 responses, change from baseline in DAS-28-4 (ESR) and HAQ-DI scores were significant higher in active treatment groups vs placebo. Physical function was improved, and rates of remission based upon the DAS28-4(ESR) were significantly higher after 6 months with the active treatments (6 %, 13%, and 7 % versus 1 %, respectively). Tofacitinib have similar responses rates to adalimumab, however this study was not designed or powered to directly compare the efficacy of tofacitinib with adalimumab. A rapid responses (ACR20 and ACR50) in active treatment group vs placebo were noted after only one month of treatment (p<0.001 for all comparisons).
Additional Phase III studies include a study in TNF failures and a structural inhibition study. In addition there a large long term extension study in progress.
Burmester et al [72] evaluated the efficacy of tofacitinib in patients with an active RA with an inadequate response or intolerance to one or more TNF. Before study medication assignment, a biologic wash-out period was done including 4 weeks for etanercept; 6 weeks for adalimumab; 8 weeks for infliximab; 10 weeks for golimumab and 3 months for certolizumab pegol.
Patients were randomly assigned in a 2:2:1:1 ratio to tofacitinib 5 mg b.i.d; tofacitinib 10 mg b.i.d; placebo for 3 months then advanced to 5 mg tofacitinib b.i.d; or placebo for 3 months then advanced to 10 mg tofacitinib b.i.d. At 3 months, ACR20 response rates were 42% for tofacitinib 5 mg and 48% for 10 mg versus 24% for placebo. At 6 months, these rates were 52% for tofacitinib 5 mg and 55% for tofacitinib 10 mg. Although remission (DAS28<2.6) was achieved in a small proportion of patients, those patients who received tofacitinib treatment had better remission rates than placebo group (6.7 % and 8.8% for tofacitinib 5 and 10 mg b.i.d, respectively). Worth mentioning, a post-hoc analysis of ACR20 response rate in patients treated with one, two or three or more TNF showed that the efficacy of tofacitinib was observed in patients irrespective of the number of prior TNF used Finally, van der Heijde et al [73] , evaluated the efficacy of tofacitinib over structural damage after 24 months of follow up in patients with active RA with an inadequate response to MTX with evidence of 3 or more distinct erosions on hand or foot or, in absence of joint erosions, the presence of rheumatoid factor or anti-cyclic citrullinated antibodies. Similar than the previous study [72] , patients were assigned to four different treatments and then switched from placebo to tofacitinib (either 5 or 10 mg) for those cases without 20% clinical improvement after 3 months of follow-up. ACR20 responses at month 6 were 51, 62% and 25 for patients receiving tofacitinib 5 mg, 10 mg or placebo, respectively. At the same time, patients receiving tofacitinib had less structural damage [measured my changes in total modified Sharp/van der Heijde score, SHS)] than patients receiving placebo. Treatment with both tofacitinib doses lead to lesser progression from baseline in both components of SHS, including erosion score and joint space narrowing. Remission rates and ACR50 and ACR70 responses were also significantly higher in tofacitinib users. A post-hoc analysis showed that those patients treated with tofacitinib with poor prognosis factors had more marked effects over joint damage progression. In conclusion, this phase III study confirmed the clinical efficacy of tofacitinib in RA patients with previous failure to MTX treatment but also demonstrated for the first time the benefit over prevention of structural damage.
Safety Profile

-Fostamatinib
In all three phase II trials, fostamatinib therapy was generally well tolerated. The most common adverse events in TASKi2 [66] were diarrhea in 11. In TASKi3 [67] the most common adverse events in active treatment group were diarrhea (12%) and headache (10%). There were no opportunistic infections. Increase in liver aminotransferase was slightly higher in fostamatinib group (3%) vs placebo (0%). Neutropenia (<1500 cells) was uncommon, been reported in only 2% of fostamatinib group. No infections were reported with neutropenia. As occurred in TASKi2 trial, a elevation of BP was noticed in active treatment group, with a mean increase of systolic BP around 5 mm Hg. Again, all cases responded to antihypertensive treatment.
The accumulated long-term safety and tolerability data for fostamatinib was presented as an abstract at the ACR meeting in 2011 [74] . The results were taken from extension period of pivotal trials (TASKi 1,2 and 3) and from an ongoing open-label study (C-935788-012). Main results of the accumulated data are collected in Table 3 . No new significant safety issues were identified. Overall, patients who had received prior biologics as compared to biologic naïve patients had a higher incidence rate of adverse events, including serious infections [74] .
-Tofacitinib:
In the tofacitinib trials, the most common adverse events included headache, diarrhea, upper respiratory and urinary infections and herpes zoster among others [70, 71] . Laboratory evaluations also revealed elevation of liver aminotransferases, dose-related increases in total cholesterol, HDL cholesterol, LDL cholesterol anemia, leucopenia and a small increase in serum creatinine levels. Serious infections were more common in tofacitinib group as compared with placebo. Those infections included cellulitis, respiratory infections, urinary tract infections rarely opportunistic infections such as tuberculosis. Main side effects in phase III trials are collected in Table 4 . Currently the safety profile shows similar infection rates as observed with known biologicals. The crude rate of serious infection events was 3/100 patientyears. The long term safety profile will be essential in determine the place of the kinase inhibitors in RA-rates of infection and rates of malignancy will be the important areas to follow.
New TK Inhibitors
-INCB028050/ LY3009104 (Baricitinib)
Baricitinib is an orally administered JAK inhibitor. Currently, baricitinib is in Phase II development as a treatment for RA and psoriasis. There is an ongoing phase II trial evaluating the Safety and tolerability of INCB028050/ ATTRACT study: Clinical assessment at 30 weeks ** ACR reponse at month 3 , NA: Not available LY3009104 (baricitinib) in patients with active RA who have had inadequate response to any DMARD therapy including biologics. Eligible patients receive one of three doses (4, 7 or 10 mg q.d) of baricitinib or placebo. The primary outcomes include the safety and tolerability and ACR20 response after 3 months of treatment. Additionally, other secondary outcomes will be evaluated ACR 20, 50, 70 and 90 responses after 6 months of follow-up. Fig. (3) . ACR20, ACR50 and ACR70 responses after 12 weeks of follow-up in active RA patients with an inadequate response to MTX. Modified from [65, 70] .
Recently, at the EULAR meeting held in 2012 the results of the efficacy and safety of baricitinib vs placebo in 301 patients with moderate to severe RA with inadequate response to MTX were presented [75] . Eligible patients were assigned to four different doses of LY3009104 (1, 2, 4, or 8 mg) for 12 weeks. The primary endpoint evaluated the efficacy of baricitinib was assessed by the combined proportion of patients in the 4-mg and 8-mg dose groups who achieved an ACR20 response compared to placebo after 12 weeks of treatment.
A total of 76% of the combined group 4-and 8-mg (75% of the 4-mg and 78% of the 8-mg dose) achieved ACR20 responses compared with 41% of placebo (p .001). Additionally, a greater proportion of patients treated with 4-mg (37%) and 8-mg (22%) achieved disease remission (DAS28-CRP < 2.6). Most adverse events were mild. A similar rate of infections was observed in combined group (14%) and placebo (12%). No deaths or opportunistic infections occurred in the active treatment.
Several other JAK inhibitors are also in clinical trials so there is great interest in this pathway.
CONCLUSIONS AND FUTURE DIRECTIONS
Certainly, TK inhibitors open a new avenue of therapy for RA bringing, if possible, more alternatives for the management of RA. The short-term results demonstrate that TK inhibitors are at least similar in terms of control of disease symptoms to biologic therapies (See Table 5 ). Fostamatinib and tofacitinib pivotal trials demonstrated ACR 20, 50 and 70 responses around 60, 40 and 20% respectively (Fig. 3) . Additionally, they have been shown to improve physical function of patients, from the earliest stages of treatment.
Nonetheless, there is still limited information about the long-term tolerability and efficacy over time.
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